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Please amend the application as follows prior to examination on the merits. 

IN THE CLAIMS 

Please cancel claims 1-8 and add the attached new claims 9-16. 
REMARKS 

Prior to a formal examination of the above-identified application, acceptance of the 
new claims and the enclosed substitute specification (under 37 CFR 1.125) is respectfully 
requested. It is believed that the substitute specification and the new claims will facilitate 
processing of the application in accordance with M.P.E.P. 608.01 (q). The substitute 
specification and the new claims are in compliance with 37 CFR 1.52 (a and b) and, while 
making no substantive changes, are submitted to conform this case to the formal 
requirements and long-established formal standards of U.S. Patent Office practice, and to 
provide improved idiom and better grammatical form. 

The enclosed substitute specification is presented herein in both marked-up and 
clean versions. 

STATEMENT 

The undersigned, an agent registered to practice before the Office, hereby states 
that the enclosed substitute specification includes the same changes as are indicated in 
the marked-up copy of the original specification. It does not contain new subject matter. 

Respectfully submitted, 




Craig Hallacher 
Registration No. 54,896 
Continental Teves, Inc. 
One Continental Drive 
Auburn Hills, Ml 48326 
(248) 393-6518 
Agent for Applicants 
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Description 

A Plug Connector for Electrically Connecting Electronic Components 

BACKGROUND OF THE INVENTION 

[0001] The invention refers to a plug connector, for example a 
socket board or a plug board, for electrically connecting 
electronic components. 

[0002] Complex electronic circuits generally consist of several 
assemblies, such as plug-in cards or accessory devices, for 
instance drives for bulk storages, which each contain printed 
circuit boards (PCBs) and which are usually electrically 
interconnected for producing the function of the circuit. Cables 
are used for generating this electrical connection which at their 
ends comprise standardized plug connectors, namely one- or multi- 
polar sockets or plugs. Appropriately corresponding counterparts 
are provided at the assemblies to be connected, so that the plug 
connectors of the cables can be connected to the plug connectors 
of the assemblies. The plug connectors of the assemblies, for 
instance socket boards or plug boards in general are connected 
mechanically and electrically to a printed circuit board (PCB) 
pertinent to the respective assembly. 

[0003] The mechanical connection between plug connector and PCB 
is necessary in particular with vibration-loaded circuits, as they 
can be encountered for example in the automotive region, in order 
to ensure reliability of the connection. 

[0004] The electrical connection of the plug connectors to the 
respective PCB takes place by soldering, while the mechanical 
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connection takes place by screwing, riveting or by comparable 
joining technologies. This double connection of the plug 
connectors to the PCB leads to redundance in storage, which - in 
particular due to the thermal expansions of the soldering partners 
caused by the soldering - may lead to distortions, which can 
impair the function of the electronic circuit. 

[0005] Therefore, in series production of electronic circuits at 
first the SMD process (SMD = surface mounted device, mounting of 
the printed circuit board with components and soldering of the 
same) is performed. 

[0006] Only subsequent thereto the plug connector (s) is/are 
initially connected to the PCB mechanically by means of screwing 
or riveting. Afterwards, the plug connector is connected 
electrically to the PCB by soldering and the latter is connected 
to the housing. 

[0007] If mechanical fastening of the plug connector (s) was 
performed after the electrical connection, powers would act upon 
the contact elements, which are already rigidly connected to the 
PCB, of the plug connector ( s ) , which excite distortions in the 
material and thus could impair or prevent the function of the 
circuit . 

[0008] According to this, in series production of electronic 
circuits for producing a PCB, which apart from other electronic 
components is to contain also one or more plug connectors, several 
work steps for mounting the plug connector ( s ) , namely manual 
fitting with components, fastening or soldering, must follow the 
SMD process. 

[0009] For this purpose additional fastening elements, such as 
screws, rivets or the like are required. For fastening the PCB at 
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the housing additional screw-down points are required, involving 
increased requirements to space. 

[0010] Starting from this state of the art it is the object of 
the present invention to propose a plug connector, which can be 
fastened to the PCB after soldering, without distorting the 
contact elements and simultaneously making use of their fastening 
points for connecting the PCB to the housing. 



SUMMARY OF THE INVENTION 

[0011] The invention is achieved in accordance to the invention 
by a plug connector including one or more contact elements and a 

housing. with — fefee — f caturco — ei — claim — advantageous — further 

embodiments arc deocribed in the sub - claims. 

[0012] The plug connector for electrically connecting electronic 
components comprises one or more contact elements as well as a 
housing, which consists of a lower part and of an upper part that 
can be joined to said lower part. The contact elements are 
contained between the lower part and the upper part in the joint 
state to protect against contamination or mechanical loads, 
whereas the lower ends of the contact elements project through 
openings located in the housing, and the upper ends of the contact 
elements can be contacted via openings located in the upper part 
of the housing. In accordance with the invention the respective 
contact element of the plug connector is formed from at least 
three limbs which extend in a stepped manner inside the housing, 
one of the limbs being flexibly arranged inside a cavity formed 
between the upper part and lower part. Consequently, by the limb 
arranged in the cavity a bending deformation of the respective 
contact element is possible. 
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[0013] In other words: The plug connector comprises for example 
one or more three-limb contact elements (also called "contact 
pins' 7 or in short "pins"), the respective contact element in the 
region of a first and second limb, which in known manner each form 
one end of the contact element, being embodied as a small metal 
strip or wire nail for contacting and in the region between the 
first and the second limb a third limb for connecting the two 
outer limbs and for positioning the contact element in the housing 
being embodied as a metal strip. 

[0014] In case of a socket board the respective contact element 
is embodied in known manner as a claw, for instance of several 
elastic metal strips, and in case of a plug board it is embodied 
as a small metal strip or a wire nail. Here, one of the outer 
limbs is embodied as a so-called male contact, i.e. contacting 
takes place via the outer surface of the limb, whereas the other 
outer limb is embodied as a so-called female contact for 
contacting at the inner surface of the limb. In other words: One 
of the outer limbs is embodied e.g. as a pin for outside 
contacting (= male contact) and the other outer limb is embodied 
as a cavity for inside contacting (= female contact) . In a 
possible form of embodiment the respective contact elements serve 
for contacting or for generating an electrical connection of the 
plug connector to a PCB and to a plug to be connected thereto or 
to a cable to be connected. In this case one of the outer limbs of 
the respective contact element is embodied for generating electric 
contacting between the plug connector and a corresponding plug 
connector of a connection cable or the like and the other outer 
limb is embodied for generating electric contacting between the 
plug connector and conductors or a corresponding plug connector of 
the PCB. The two outer limbs forming the ends of the respective 
contact element extend staggered at a distance from each other and 
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parallel to each other and the middle limb is contained in- 
between, so that they jointly extend in a stepped manner inside 
the housing or extend z-shaped as far as possible. 

[0015] In a preferred form of embodiment of the plug connector 
the middle limb with the two outer limbs enclose an angle of 
approximately the same size. Preferably, the limbs enclose an 
angle of 90° to 135°. By means of this the middle limb is flexibly 
arranged in type of a spiral spring in the cavity between the 
upper and lower part of the housing. This ensures that mechanical 
loads, which appear when fastening the plug connector, can be 
absorbed easily and safe by the middle limb embodied as a spiral 
spring, so that the outer limbs effecting the contacting are not 
damaged. 

[0016] For a particularly cost-efficient and simple production 
of the plug connector the respective contact element is preferably 
formed in one piece. In a particularly simple and cost-efficient 
form of embodiment several contact elements are uniformly embodied 
and are arranged in the housing at a uniform distance from each 
other, in particular forming a contact row. 

[0017] For mechanical fastening the plug connector onto the PCB 
conventional fastening means , such as screws, rivets or the like 
can be used. Advantageously, for this purpose the lower part of 
the housing comprises in known manner at least two bores, which 
can be used for connecting the housing to the PCB by means of 
screws, rivets or similar fastening means. 

[0018] For preliminarily fixing the plug connector to the PCB 
between the work steps fitting with components and soldering the 
lower part of the housing of the plug connector comprises in an 
advantageous embodiment at least two fixing elements. Such fixing 
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elements can be e.g. plastic tongues with a lateral shoulder, 
which are formed in one piece with the lower part of the housing, 
which extend in the same direction as the outer limbs of the 
contact elements and which taper towards their free end. Here, the 
plastic tongues can be inserted into bores provided at the PCB for 
this purpose while overcoming an elastic resistance originating 
from the plastic tongues due to an oversize of the shoulders in 
relation to the bore distance. 

[0019] Here, the distance of the bores is chosen such that the 
plastic tongues are inserted into the holes as zero force as 
possible, the shoulders of the plastic tongues requiring, however, 
a largely low joining force. Consequently, for inserting the 
plastic tongues an albeit low joining force is necessary. After 
having passed the material thickness of the PCB, the plastic 
tongues spring back into their relaxed position, the shoulders of 
the plastic tongues preventing falling out of the plug connector, 
as long as they are not deformed by an outer force in like manner 
as it happens when inserting the plastic tongues into the bores. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Examples of embodiment of the invention are explained in 
detail in the following taken in conjunction with the drawings. 

[0021] Fig. 1 shows a plug connector in a perspective view, 

[0022] Fig. 2 shows a plug connector in a longitudinal section, 

[0023] Fig. 3 shows a plug connector in a longitudinal section, 

[0024] Fig. 4 shows a contact element in a longitudinal section, 
and 
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[0025] Fig. 5 shows a cut V-V through the plug connector 
according to Fig. 3. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0026] In all figures like elements refer to identical reference 
numerals. The terms "up" and "down" used in the following refer to 
a plug connector according to the invention, which from the 
observer's view is mounted in standing or lying manner onto the 
upper side of a horizontal PCB. Alternatively, the plug connector 
can also be mounted onto the lower side of the PCB in a type and 
manner not shown in detail. 

[0027] A plug connector 1 is shown in Fig. 1 in a perspective 
view. The plug connector 1 comprises a housing 2, which consists 
of a lower part 3 and of an upper part 4. Concretely, the shown 
plug connector 1 is a socket board provided for fastening onto a 
PCB, which has several contact elements 6 (also called contact 
pins or in short pins) staggered arranged for example in two 
parallel rows such that a perpendicular dropped from a contact 
element 6 of a row to an adjacent row extends between two contact 
elements 6 of the adjacent row. Depending on type and function of 
the plug connector 1 it can comprise only one row of contact 
elements 6. 

[0028] In the closed state of the plug connector 1 the contact 
elements 6 are embedded into the house 2. The housing 2, in 
particular the upper part 4 comprises openings 0 with joining aids 
H, which are arranged at the upper side of the housing 2. Here, 
one end of one of the contact elements 6 is arranged in the 
respective opening 0. Contact elements, which correspond to the 
contact elements 6 of the plug connector 1 and which are not shown 
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in detail, of another plug connector or of a connection cable, can 
be inserted through the openings 0, so that they come into 
electrical contact at the upper part 4 . 

[0029] In addition, the housing 2 comprises at the lower part 3 
also an opening 0, through which the contact element 6 project 
with the opposite end from the lower side of the housing 2 and 
permit for example an electrical connection to a PCB or to another 
plug connector not shown. Depending on type and embodiment of the 
plug connector 1 it can comprise per contact element 6 a separate 
opening 0 on the upper and lower side of the housing 2 or a big 
corporate opening 0 for several contact elements 6. 

[0030] At the longitudinal ends of the housing 2 mounting links 
7, formed in one piece with the upper part 4 of the housing 2, 
with bores 8 are located for mechanically connecting the plug 
connector 1 to the PCB. 

[0031] Furthermore, at two diagonally opposing corners of the 
housing 2 and formed in one piece with the lower part 3, the 
housing 2 comprises fixing elements 9, which extend in the same 
direction as the ends of the contact elements 6 projecting from 
the lower part 3 of the housing 2. The fixing elements 9 are 
plastic tongues with a lateral shoulder, which taper towards their 
free end. Tapering is illustrated in the example of embodiment by 
a partly conical surface in the type of a frustum K. 

[0032] In Figs. 2 and 3 the plug connector 1 is shown in a 
longitudinal section. The contact elements 6 are contained between 
the lower part 3 and the upper part 4 of the housing 2, the upper 
part of the each contact element 6 being stuck in a contact bag 
10, which opens towards the upper side of the upper part 4 of the 
housing 2 into the openings 0 of the upper part 4 with the joining 
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aids H. Fig. 4 shows an enlarged cut-out of Fig. 3 with an 
individual contact element 6 in a longitudinal section and Fig. 5 
shows an enlarged cut-out of Fig. 3 with a fixing element 9 in 
cross-section. 

[0033] The contact elements 6 contained between lower part 3 and 
upper part 4 of the housing 2 are subdivided into several limbs 
61, 62, 63, which together form the respective contact element 6. 
For contacting the ends of the respective contact element 6 two 
outer limbs 61 and 63 are provided, which open into the opening in 
the upper part 4 or which project from the opening 0 of the lower 
part 3, respectively. The two outer limbs 61 and 63, forming the 
ends of the respective contact element 6, extend parallel and 
staggered at a distance to each other approximately in the same 
direction, for example vertically. A middle limb 62 contained or 
arranged between the two outer limbs 61 and 63, encloses with the 
respectively adjoining outer limb 61 and 63 an approximately 
equal-sized aperture angle a. Advantageously, this aperture angle 
a has a size of 90° to 135°, however, also other aperture angles a 
are possible. 

[0034] The respective contact element 6, in particular of one of 
the outer limbs 63 and the middle limb 62 are formed in known 
manner as small metal strips. Here, the outer contacting limb 63 
serves as a male contact in form of a pin or a metal strip. The 
other outer limb 61 is formed e.g. as a claw of several elastic 
metal strips and thus serves as a female contact. The entire 
contact element 6 is preferably formed in one piece as a sheet 
metal pressed piece. The outer limbs 61 and 63 thus serve for 
generating the electrical connection of the plug connector 1 to a 
PCB on the one hand, and on the other hand for generating the 
electrical contact to a corresponding plug connector of a 
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connection cable or the like, the middle limb 62 being formed as a 
spiral spring for absorbing mechanical loads. 

[0035] The housing 2 consisting of the lower part 3 and the 
upper part 4 which can be joined thereto, contains the contact 
elements 6 as shown in Fig. 3, between the upper part 4 and the 
lower part 3 in the region of the middle limb 62 of the respective 
contact element 6 a cavity 11 being located, which allows for a 
bending deformation of the middle limb 62. With conventional plug 
connectors of this type, which at first are connected mechanically 
to the PCB, tensions are induced in the material by soldering or 
subsequent cooling-down, as the conventional, straight contact 
elements are prevented from expansion by the rigid edge conditions 
caused by the fixing between the upper and lower part. 

[0036] In contrast thereto, with the plug connector 1 according 
to the invention, the material tensions resulting from the thermal 
expansion of the contact elements 6 can be reduced by the elastic 
effect of the middle limb 62 of the respective contact element 6 
so far that they do not disadvantageously impair the function of 
the electronic circuit. The rigid edge conditions, which rule out 
such compensation in case of conventional straight contact 
elements, are compensated in case of the plug connector 1 
according to the invention by the def ormability of the middle limb 
62 of the respective contact element 6. 

[0037] The respective contact bags 10 have a diameter, which 
allows for the reception nearly free from play of the outer limb 
61 of the appropriate contact element 6. In this case, the opening 
0 in the upper part 4 of the housing 2 has a smaller diameter than 
the contact bag 10. Thereby, the outer limb 61 is supported 
upwards at the material containing the opening 0 of the upper part 
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4. Downwards the outer limb 61 is supported on a distance retainer 
formed in one piece with the lower part 3. 
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ABSTRACT 



Disclosed is a plug connection which is reliable and protected 
with regard to mechanical and thermal loads. The plug connector 
includes one or more contact elements (6) and a housing (2). The 
housing consists of a lower part (3) and an upper part (4) that 
can be joined to the lower part (3) . The contact elements (6) are 
contained between the lower part (3) and the upper part (4), with 
the lower ends of the contact elements (6) projecting through 
openings (0) located in the housing (2), and the upper ends of the 
contact elements (6) are able to be contacted via openings (0) 
located in the upper part (4) of the housing (2) . Each contact 
element (6) is formed from at least three limbs (61, 62, 63) which 
extend in a stepped manner inside the housing (2) , with at least 
one of the limbs (62) flexibly arranged inside a cavity (11) 
formed between the upper part (4) and lower part (3). 

For a plug connection — which is reliable and protected with regard 

t-e — mechanical — af*d — thermal — loads, with — a — plug — connector ( 1 ) , 

comprising — ef*e — &e — more — contact — elements — (-6-) — a-s — well — a-s — a — housing 
(2 ) , — which — consists — e£ — a — lower part — — aftd — e£ — a« — upper part — 
that — erdriPt — be — joined — te — said — lower — part — ( 3 ) , — t-he — contact — elements 
-f6-) — being contained between the — lower part — (-3-) — and the — upper part 
( 4 ) , — the — lower ends of the contact elements — (-6-) — pro j ccting through 
openings — (-Q-) — located in the housing — (-2-H — and the upper ends of the 
contact — elements — (-6-) — being — able — fee — be — contacted via — openings — KH- 
locatcd — ifi — fcfee — upper part — HH — ei — fefee — housing — (-2-)-? — tfe — is provided 
that each contact — clement — (-&-) — is — formed from at — least three limbs 
(61, — 63-t — 63-) — which — extend in a — stepped manner — inside — t-he — housing 
(2) , — one of the — limbs — (-62-) — being flexibly arranged inside a cavity 
(11) — formed between the upper part — (-4-) — and lower part — (3) . 

FIG . 3 
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List of reference numerals 



1 Plug connector 

2 Housing 

3 Lower part of the housing 

4 Upper part of the housing 

5 Contact element, comprising a 

61 outer limb, in particular a limb forming one end of 
the contact element 

62 middle limb of the contact element 

62 outer limb, in particular a limb forming the other 
end of the contact element 

7 Mounting link 

8 Bore 

9 Fixing element 

10 Contact bag 

11 Cavity 

12 Distance retainer 

A Shoulder 

H Joining aid 

K Partial conical surface 

0 Opening in the housing, in particular in the upper part 

and lower part 
a Aperture angle 
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